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(54) Method for manufacturing a printing plate. 

(57) A method for manufacturing a printing plate 
comprises the steps of extruding a molten 
polymer sheet (18) onto a moving a carrier web 
(20) to achieve self-lamination in a nip-free 
manner. The polymer is preferably photocur- 
able. 
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Background of the Invention 

The present invention relates to a process for the 
preparation of printing plates, and more particularly to 
the preparation of f lexographic relief image printing 
plates from photocurabie elements. 

Printing plates which entail the use of at least one 
layer formed of a negative-working photocurabie 
composition are exposed through an image-bearing 
transparency to radiation of an appropriate wave 
length (commonly termed "actinic" radiation) to cure 
or harden the composition. The photocurabie compo- 
sition is initially soluble in a chosen developer solvent; 
but it is rendered insoluble in those areas that are pho- 
tocured as a result of exposure to actinic radiation. 
Development of the exposed layer or layers thus re- 
moves the composition in non-exposed areas, leav- 
ing a relief image defined by the cured composition. 
The relief image "plate" may then be inked and used 
to print the image onto substrates such as packaging 
materials, cartons, and boxes. 

One known process for manufacturing printing 
plates from photocurabie compositions involves 
passing between two sheet supports and into the gap 
of nipped calendering rolls a hot molten mass of an 
elastomer binder, monomelic compound, and photoi- 
nitiator. The hot polymer mass is calendered into the 
final shape and thickness of the final printing plate 
product. Another printing plate manufacturing proc- 
ess involves extruding the photocurabie polymer 
composition as a thick coating and laminating one 
side of this coated layer to a releasable cover sheet 
using nipped laminating cylinders, and thereafter 
cooling and grinding of the polymer layer, then attach- 
ing a support sheet to the ground side. 

The use of full-width nipped calendering or lam- 
inating rollers, however, creates the risk that particles 
and foreign matter can be forcibly embedded into the 
soft polymer. In addition, when molten polymer is 
passed between nipped rollers, a release agent must 
be applied to the contacting roller constantly to avoid 
wrinkling of the polymer layer surface and/or sticking 
of the polymer to the contacting roller after passing 
through the nip. 

Accordingly, in view of the foregoing disadvan- 
tages, a novel process is needed for manufacturing 
photopolyrner printing plates on a continuous basis. 

Summary of Invention 

In surmounting the disadvantages of the prior art, 
the present invention provides a method for manufac- 
turing printing plates which surprisingly does not re- 
quire passing a photocurabie composition in a molten 
state between support sheets through nipped calen- 
dering or laminating rollers. 

One of the purposes and advantages of the in- 
vention, therefore, is to provide a photocurabie poly- 



mer layer operative to self-laminate directly in a nip- 
free manner to a moving carrier web, such as a peel- 
able multilayer cover sheet, whereby the entrapment 
of air pockets within the laid-on photocurabie polymer 

5 sheet, or between the laid-on sheet and the moving 
carrier, is minimized. This provides the advantage of 
minimizing or avoiding drop-out areas during printing. 

Another purpose and advantage of the invention 
is to avoid product defects such as may be caused by 

10 wrinkling or sticking of the molten-state photocurabie 
polymer layer in the nip between rollers. It is also be- 
lieved that increased line speeds can be realized by 
the novel calender-free lamination method of the in- 
vention. 

15 It is further believed that, as nipped rollers con- 

strain the freedom of the molten polymer and prevent 
it from reaching equilibrium prior to cooling, the pres- 
ent invention provides a more uniform printing plate 
shrinkage during photocuring (ie., height versus width 

20 shrinkage of the photocurabie polymer layer) since 
the molten polymer is not quenched in a stressed 
state otherwise caused by the nip(s) of paired or 
stacked calendering rollers. Moreover, another pur- 
pose and advantage of the present invention is to 

25 avoid the so-called "rolling bank" phenomenon which 
arises when molten polymer becomes a fluid mass 
build-up in the gap between nipped, rotated cylinders. 
Such a mass, which potentially "rolls" and can entrain 
air, but which has often been previously considered 

30 necessary for ensuring that sufficient material was 
available for calendered thicknesses, is entirely 
avoided by the present invention. 

According to the invention there is provided a 
method for manufacturing a printing element, com- 

35 prising the steps of extruding a molten polymer sheet 
(18), the sheet having major faces extending contin- 
uously and coextensively in a portion of the sheet 
width between opposite sheet edges; and moving a 
carrier web (20) at a location subsequent to the point 

40 of extrusion such that a major face of the extruded 
polymer sheet, while in a molten state, is self- 
laminated continuously and directly in a nip-free man- 
ner to the moving carrier. 

Thus, an exemplary method of the invention for 

45 manufacturing a printing element, such as a printing 
plate, comprises the steps of: extruding a molten 
polymer sheet which is or will become photocurabie, 
the sheet having major faces extending continuously 
and coextensively in a portion of the sheet width be- 

so tween opposite sheet edges; and moving a carrier 
web at a location subsequent to the point of extrusion 
such that a major face of the extruded polymer sheet, 
while in a molten state, is self-laminated continuously 
to the moving carrier. 

55 The self-lamination of the polymer sheet to the 

moving carrier is nip-free, yet fully-contacted in the 
sense that no substantial air pockets are formed be- 
tween the sheet and carrier. 
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In another exemplary method of the invention, 
the extrusion of the polymer sheet is performed using 
a sheet die, and nip-free self-lamination of the pho- 
tocurable polymer sheet onto the moving carrier is 
achieved at an angle of at least ninety degrees (i.e., 
perpendicular) from the center plane of the sheet die 
opening. In other exemplary methods, lamination of 
the photocurable polymer sheet occurs by moving the 
carrier in a direction angled increasingly away from 
the initial direction of movement at the first laminating 
contact between the polymer sheet and moving car- 
rier. 

Other exemplary methods of the invention fur- 
ther comprise the step of attaching, after the self- 
lamination of the extruded polymer sheet to the mov- 
ing carrier, a backing substrate contiguously onto the 
major side of the photocurable polymer sheet oppo- 
site the face that has been seif-laminated to the car- 
rier. In further exemplary methods, the self-laminated 
photocurable polymer sheet is allowed to harden, 
such as by cooling, thereby permitting grinding of the 
sheet, before attachment of the contiguous backing 
substrate, to ensure uniform thickness in the resul- 
tant printing plate. 

Further advantages and features of the invention 
are disclosed herein. 

Brief Description of the Drawings 

Fig. 1 is a plan diagram of an exemplary nip-free 
method of the present invention for manufactur- 
ing a f lexographic printing plate from one or more 
photocurable elements; 

Fig. 2 is an enlarged partial diagram of the exem- 
plary nip-free self-lamination process shown in 
Fig. 1; and 

Figs. 3-8 are partial diagrams of further nip-free 
self-lamination methods of the invention. 

Detailed Description of Exemplary Embodiments 

Fig. 1 shows an exemplary nip-free method of the 
invention for manufacturing a printing plate or printing 
element wherein a molten or thermally-softened pho- 
tocurable polymer material is shaped into a sheet 
form 18 and contiguously self-laminated onto a mov- 
ing carrier web 20 without the use of nipped, opposed 
calendering or laminating rollers at the lamination 
point (as designated at 24). The carrier 20 can be con- 
tinuously pulled off a roller 22. 

By the terms "photocurable polymer" or "photopo- 
lymer," as used synonomously herein, it is meant a 
material or mixture of components which is capable 
of being extruded when melted or softened and which 
is considered "photosensitive," "photocurable," or 
"photoinitiatable" in the sense that portions of the 
polymer can be made to harden, cross-link, polymer- 
ize, cure, or otherwise become resistant to removal 



by water, solvent, air pressure, or mechanical action 
when portions of the polymer are subjected to light or 
radiation during development. 

In preferred methods of the invention, the compo- 

5 nents of the photocurable extrudate sheet 18 are 
melted in a screw extruder 10 and metered by a me- 
tering (or gear) pump 12 to a sheet die 14. This is be- 
lieved to contribute to ensuring high homogeneity and 
precise and constant thickness of the photocurable 

10 sheet 18. The metering pump 12, preferably of the 
spur-toothed variety, prevents pulsations generated 
in the screw extruder 1 0 from disrupting the smooth- 
ness of the polymer being continuously extruded 
though the sheet die 14 and onto the moving carrier 

15 web 20. 

Further exemplary methods of the invention com- 
prise the use of a cooling step after the melt extrusion 
and self-lamination steps, followed by one or more 
grinding steps to ensure a uniformity of thickness in 

20 the polymer sheet 1 8. An exemplary cooling step may 
involve exposure of the extruded polymer sheet 18 to 
ambient temperature. A further exemplary cooling 
step comprises a forced air cooling device 30 possibly 
in combination with a conductive cooling device 31, 

25 both of which are known in the art. Thermal energy is 
dissipated from the polymer sheet 18 through the car- 
rier 20 by the conductive device 31. The forced air 
cooling 30 and conductive cooling 31 are preferably 
achieved using cooling coils similar to those used in 

30 refrigeration units. When sufficiently hardened or 
solidified, the polymer sheet 18 is advanced to a 
grinder 32. 

The exemplary grinder 32 comprises a cylinder 
covered with an abrasive sheet such as sandpaper 

35 and rotated against the photopolymer sheet prefer- 
ably in a direction opposite to the direction of sheet 
travel. The grinding cylinder should preferably be ro- 
tatably mounted within a vacuum hood for removing 
dust particles. An additional grinding cylinder 33 may 

40 also be used to ensure thickness uniformity, and a 
cooling unit may be used between the two grinders 32 
and 33. The laminate 18/20 may at this point be cut 
into separate sheets using scissors, blades, or other 
known devices 34. 

45 I n further exemplary methods, a base or backing 

layer 38, comprising paper, cellulose film, plastic, 
metal, or other substrate material, optionally having a 
pressure-sensitive or hot melt adhesive, is attached 
to the photopolymer layer 18, such as by using an ap- 

so plicator roll 40, blade, or any other known devices. 
The applicator roll 40 or blade can be used preferably 
over or in conjunction with another roller or upon a 
moving surface, such as a conveyor belt, that prefer- 
ably has the same speed as the roll 40. It is not nec- 

55 essary that rollers be nipped or even located on op- 
posite sides of the laminate 1 8/20. A polished steel ta- 
ble or Teflon™ or silicon coated surface can be used, 
provided the upper and lower surfaces of the laminate 
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can be conveyed at the same speed. Preferably, the 
surface of the photocurable polymer 18 is subjected 
to an adhesive applicator 36 for facilitating attach- 
ment of the base layer 38, or to flourescent lights, a 
hot air knife, a microwave emitting device, or other s 
surface heating unit The laminate 18/38/20 can 
thereafter be cut 42 using scissors or blades into sep- 
arate printing plates 43. 

In Fig. 2, there is shown an enlarged partial dia- 
gram of an exemplary nip-free self-lamination meth- 10 
od. The sheet die 14 should preferably have a contin- 
uous lip opening 16 formed by flat, coextensive upper 
and lower lips which form and shape the photopoly- 
mer extrudate 18 into a sheet having uniform thick- 
ness. In the outwardmost portion of the opening 16, is 
the upper and lower lips also define a sheet die center 
plane (designated in cross-section by the dotted line 
at 50) which may be oriented at an angle of 0-180 de- 
grees, and which should preferably be about 90° (i.e. 
substantially perpendicular in orientation), with re- 20 
spect to the moving carrier web 20 at the lamination 
point 24 where the extruded photopolymer sheet 18 
is self-laminated to the carrier 20. 

In a preferred method of the invention, the nip- 
free self-lamination of the photocurable extrudate 18 25 
to the moving carrier 20 is achieved by providing a ro- 
tatable cylinder 26 for moving the carrier 20 upward 
and away from the sheet die opening 16. 

Preferably, the rotational axis 26Aof the cylinder 
26 is substantially co-planar with the sheet die center 30 
plane 50 denoted by the extended dotted line 50 in 
Fig. 2. It is possible to attach connectors or adaptors 
(not shown) between the sheet die 14 and the meter- 
ing or gear pump 12, whereby the angle of the sheet 
die 14 can be altered with respect to the moving car- 35 
rier 20. Alternatively, the sheet die 14 can be lowered 
or elevated, while still retaining the horizontal orien- 
tation shown in Fig. 2, such that the angle between 
the sheet die center line 50 and the moving carrier 20 
at the self-lamination point 24 is between 0° and 1 80°. 40 
Preferably, the sheet die opening 16 is as dose as 
possible to the lamination point 24, e.g., 1/8 - 3.0 in- 
ches. 

Regardless of whether the die 1 4 is horizontal or 
not, a preferred laminating angle between the sheet 45 
die center plane 50 and moving carrier 20 (when 
measured at the self-lamination point 24 in the direc- 
tion of polymer sheet 1 8 travel) is in the range of about 
90°-135° (± 5°), the most preferred angle of lamina- 
tion being one which is substantially perpendicular. so 

At the point of self-lamination 24, therefore, the 
carrier 20 and polymer sheet 1 8 do not travel between 
two or more rollers that are nipped together by virtue 
of pressure on immediately opposite sides of the poly- 
mer 1 8 and carrier 20. The positioning of the nip-free 55 
cylinder 26 with respect to the sheet die center plane 
50 should preferably be such that the cylinder 26 ad- 
vances the extrudate 18 immediately away from the 



sheet die opening 16, so as to avoid a build-up of ex- 
trudate material, and along a circumferential path 52 
(with respect to the cylinder axis 26A). 

Thus, in further exemplary methods of the inven- 
tion, the use of the carrier-conveying nip-free cylinder 
26 enables self-lamination of the photocurable poly- 
mer sheet 1 8 to occur by moving or conveying the car- 
rier 20 in a direction (such as indicated at 52) increas- 
ingly angled away from the initial angle (dotted-line 
designated at 54) at the first laminating contact 24 be- 
tween the polymer sheet 18 and moving carrier 20. 
This increasing angle facilitates the formation of a full 
laminating contact (i.e., bonding at substantially all 
points of contact) between the melted polymer sheet 
1 8 and moving carrier 20, whereby the occurrence of 
air pockets or bubbles therebetween are minimized, 
since the circumferential path 52 causes a certain 
force to be exerted against the extruded polymer 
sheet 18 radially towards the cylinder axis 26A. 

The preferred extrusion temperature at the sheet 
die 14 will depend principally upon the nature of the 
polymer binder used in the photopolymer extrudate 
sheet 18, the intended line production speed, the 
speed of the gear pump 12, the thickness of the ex- 
trudate 18, and other factors. Generally, the preferred 
operating temperature range is about 40°-350°C; the 
preferred line speed should be about 1-12 feet or 
more per minute (5.08-60.96 mm/s); and preferred ex- 
trudate thicknesses may vary, for example, between 
20-300 mils (0.508-7.62 mm). 

In further exemplary methods of the invention, 
the line speed of the extrudable sheet 18 after self- 
lamination 24 may be slightly higher than the rate of 
polymer extrusion through the sheet die 14. In this sit- 
uation, the extruded sheet width may decrease slight- 
ly in the distance between the sheet die opening 16 
and the self-lamination point 24 on the moving carrier 
20. 

Moreover, it sometimes happens that the extru- 
date sheet edges may form beads or raised portions 
which may not fully adhere to the moving carrier. 
These edge beads can be made to adhere to the car- 
rier 20 by a pair of two- or three-inch diameter rollers 
(notshown) positioned overthe sheet edges at a point 
downstream from the nip-free cylinder 26. In any 
event, the polymer sheet 18 edges can be removed 
by edge trimming (not illustrated) after the self- 
lamination step, preferably at the cutting stage (34 or 
42). 

In still further exemplary methods of the inven- 
tion, it is preferable to employ a sheet die 14 having 
thermally adjustable die bolts along the width of the 
die to facilitate control over the die lip opening 16, 
which in turn controls the thickness of the extrudate. 
In Fig. 2, there is shown an exemplary sheet die 14 
comprising a flexible die lip 70 which is attached to lip 
adjusting bolts 72 on which are attached bolt heater 
blocks 74 having lip adjusting bolt heaters 76 and air 
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cooling channels 78. A choker bar adjusting bolt 80 is 
used for major flow adjustments within the die 14. Ex- 
trusion dies having such adjustable die bolts are com- 
mercially available, for example, from Extrusion Dies, 
Inc. of Chippewa Falls, Wisconsin, under the trade- s 
names AUTOFLEX™ or ULTRAFLEX™. Dies sold un- 
der the designation "HR75" are believed to be suit- 
able for the nip-free self-lamination purposes dis- 
closed herein. Such dies are available in a number of 
sheet die widths, including 33 and 58 inch (83.82 an 10 
and 1.4732 m) widths, or possibly wider. 

A microprocessor-based controller 60 (repre- 
sented in block diagram in Fig. 1) can be used for con- 
trolling power level to the lip adjusting die bolt heaters 
76 which in turn alter the length of the bolts 72 and is 
the die opening 1 6. The control of thermal changes of 
die bolt length provides thickness control in a manner 
that avoids reliance upon the use of screw-threaded 
die bolts. 

The use of thermally controlled die bolts also fa- 20 
cilitates the use of a controller loop system, in further 
exemplary methods of the invention, wherein a non- 
contact sensor 27 (see Fig. 1) output corresponding 
to the thickness of the polymeric sheet 18 (measured 
in cross-direction) can be correlated with a predeter- 25 
mined thickness profile and/or profile variation range 
information in a microprocessor controller 60 (Fig. 1), 
which, in response thereto, can then send corrective 
signals whereby thermal die bolt temperature, and 
hence the size of the die lip opening 16, is controlled. 30 

An exemplary controller system can also provide 
for semi-automatic operation, such as where output 
from the sensor 27 is displayed on a visual monitor to 
an operator who adjusts or causes adjustment of the 
sheet die bolts. 35 

It is therefore envisioned that the use of a control 
mechanism (14/60/27 as shown schematically in Fig. 
1) can be used in exemplary methods of the invention 
to minimize the number of grinding devices 32/33 
used downstream, or to eliminate reliance upon them 40 
altogether. 

As mentioned, a sensor 27, preferably of the non- 
contacting radiation scanner variety, can be used in 
an automatic or semi-automatic control system for 
controlling the thickness and uniformity of the extru- 45 
date polymer sheet 1 8. The sensor device 27 may be 
connected to a monitor to visualize the thickness pro- 
file of the self-laminated polymer layer. A non-con- 
tacting sensor 27, such as a beta transmission sen- 
sor, is slidably mounted within an O-f rame or C-f rame 50 
assembly downstream (as at 27) of the nip-free cylin- 
der 26 and is moved back and forth across the direc- 
tion of web travel. Preferably, the sensor 27 scans the 
width of the extruded polymer sheet for every rotation 
of the cylinder 26. The O-f rame or C-f rame can also 55 
be angled with respect to trie direction of the carrier 
20 travel and the sensor 27 sweep rate can be adjust- 
ed so that the width profile can be obtained along a 



line that is perpendicular to the direction in which the 
moving web 20 is travelling. Suitable sensors are 
available from LFE Corporation of Clinton, Massa- 
chusetts, under the tradename "PROFITMASTER." 

Known photocurable polymer mixtures, or so-cal- 
led photosensitive or photopolymerizable materials, 
are suitable for use in the present invention. For ex- 
ample, European Patent Application 0-456-336-A2 of 
Goss et al. (published November 13, 1991), incorpo- 
rated by reference herein, describes photocurable 
polymer mixtures suitable for manufacturing exem- 
plary polymer sheets 18. 

Another exemplary photocurable polymer com- 
position believed to be suitable for use in the inven- 
tion is taught in U.S. patent 5,223,375 of Berrier et al. 
(W.R. Grace & Co.-Conn.) incorporated herein by ref- 
erence. Berrier et al. disclose formulations compris- 
ing triblock polymers of poly(vinylpyridine)- 
poly(butadiene) or poly(isoprene)-poly(vinylpyridine). 
Such polymers may be quaternized, permitting plates 
that are made with these polymers to be developed 
in aqueous solutions after imaging with actinic radia- 
tion. 

Block copolymer photocurable mixtures which 
are also believed to be suitable for the purposes here- 
in are also disclosed in U.S. patent 3,867,153 of Ma- 
cLahan; U.S. patent 4,264,705 and 4,265,986 of Al- 
len; U.S. patent Nos. 4,323,636, 4,323,637, 
4,369,246, and 4,423,135 of Chen et al., and U.S. pa- 
tent 3,265,765 (and counterpart British Patent No. 
1,000,900) of Holden et al.; and British Patent No. 
1,366,769 of Dupont, all incorporated herein by refer- 
ence. See also U.S. Patent 4,320,188 of Heinz et al.; 
U.S. patents 4,427,759 and 4,460,675 of Gruetz- 
macher et al.; and U.S. patent 4,622,088 of Min; U.S. 
patent 5,135,827 of Bohm et al., all of which are incor- 
porated herein by reference. 

Generally, the photocurable composition should 
comprise an elastomer compound such as a block co- 
polymer (styrene-isoprene-styrene block copolymers 
being most preferred); an ethylenically unsaturated 
compound having at least one terminal ethylenic 
group and preferably at least two or more ethylenic 
groups; and an organic, radiation-sensitive, free- 
radical generator photoinitiator or photoinitiator sys- 
tem, such as a dye, all of which are known in the art. 

The block copolymer compound should prefer- 
ably have a number average molecular weight be- 
tween 25,000 and 1,000,000 and a glass transition 
temperature below about 10°C. 

Other typical block copolymers useful in this in- 
vention are polystyrene-polybutadiene-polystyrene 
and polystyrene-polyisoprene-polystyrene block co- 
polymers which hve been hydrogenated according to 
the teachings of Jones, U.S. patent 3,431,323 and 
Hefele et al., U.S patent 3,333,024. The hydrogenat- 
ed block copolymers have the additional advantage of 
improved thermal and oxidative resistance. However, 
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some residual unsaturation in hydrogenated block co- 
polymers is desirable, since only very small concen- 
trations of monomer are then needed in the photosen- 
sitive compositions to reduce solvent solubility upon 
exposure to actinic radiation. Still other typical block- 5 
copolymers useful in this invention are those wherein 
the terminal blocks are polyalkyl styrenes, e.g., 
poly(alpha-methyl styrene)-polyisoprene-poly-(al- 
pha-methyl styrene), and those composed of a plur- 
ality of polymer blocks, e.g., polyisoprene-polystyr- 10 
ene-polybutadiene-polystyrene-polyisoprene. 

Other elastomeric binders which are useful in the 
photopolymer compositions include: polymers of 1,3- 
butadiene, hydrocarbon- and halogen-substituted 
1,3-butadiene, copolymers of 1,3-butadiene mono- 15 
mers with acrylic, alkytacrylic acids or the corre- 
sponding esters and/or nitriles, copolymers of 1 ,3-bu- 
tadienes with aryl olefins, e.g., styrene, divinyl ben- 
zene, etc. Other elastomeric polymers are useful, 
e.g., polyurethanes, carbonated polyvinyl alcohol, 20 
etc. Examples of such elastomeric polymeric binders 
are disclosed in Canadian Patent No. 614,181 and 
U.S. Patent Nos. 2,948,611, 4,177,074, 4,247,624, 
and 4,272,608, hereby incorporated by reference. 

The carrier 20 may comprise any material of 25 
thickness suitable for permitting the photopolymer to 
be melt-extruded onto its surface. Preferably, the car- 
rier is a flexible film or sheet, such as a polyethylene, 
polyester, or polyethylene terephthalate film or other 
plastic film, optionally having an additional release 30 
layer, such as a polyamide or silicone coating, dis- 
posed on the face of the carrier 20 that will be adja- 
cent the extruded photopolymer layer 18. 

In further exemplary methods of the invention, 
the carrier 20 comprises a so-called multi-layer cover 35 
element comprising a flexible-polymeric film (such as 
2-7 mil (50.8-177.8 urn) polyester film) subcoated 
with a release coating (such as a 0.05-0.5 mil (1.27- 
12.7 nm) polyamide coating) which is, in turn, coated 
with a layer of an elastomeric composition which is 40 
photocurable during or after lamination to the photo- 
polymer 18 extruded through the sheet die 20. See 
e.g. , U.S. patent 4,427,759 of Greutzmacher et al. at 
Col. 8, 11.3-8, incorporated herein by reference. Dur- 
ing exemplary self-lamination steps of the invention, 45 
as described herein and above, the extruded photoc- 
urable polymer sheet 18 is self-laminated (as shown 
at 24 in Fig. 2) to the exemplary multilayer cover ele- 
ment photocurable sheet carrier 20; and the photoc- 
urable sheets become bonded together during cool- so 
ing ( See e.g. , 30/31). Both the extruded photocurable 
polymer sheet 1 8 and cover element 20 photopolymer 
are subsequently imaged together (not shown) after 
the flexible polymeric film (applied as part of the ex- 
emplary multi-layer cover element) is peeled off the 55 
resultant printing plate laminate. 

The photocurable layer on the exemplary flexible 
multi-layer cover sheet (carrier) 20 described above 



preferably contains an elastomer having a modulus 
which, in a polymerized state, is not substantially less 
than the elastic modulus of the extruded photocur- 
able sheet layer 18. 

The elastomeric composition in exemplary multi- 
layer cover elements 20 generally contains an elas- 
tomeric material which is the same as or similar to the 
elastomeric binder present in the photopolymer layer 
18. Different type elastomeric binders can be used in 
the elastomeric composition and photopolymer layers 
provided that the layer of elastomeric composition 
and photopolymeric layer have an elastic modulus as 
decribed above. Suitable elastomeric polymers have 
been described previously above in conjunction with 
the photopolymer composition. Additional compo- 
nents present in the elastomeric coating composition 
include a coating solvent optionally a second binder 
which can be a nonelastomeric polymer, optionally 
but preferably a nonmigrating dye or pigment which 
provides a contrasting color with any colorant, e.g. 
dye, present in the photopolymeric layer, and option- 
ally one or more ethylenically unsaturated monomeric 
compounds and/or a photoinitiator or photoinitiator 
system , and optionally anti-blocking agents. These 
additional components are known in the art. 

Exemplary multi-layer cover sheets 20, compris- 
ing a plastic carrier sheet, a photocurable polymer 
(containing a contrast dye as described above, and a 
release coating (e.g., polyamide) for allowing removal 
of the carrier sheet from the polymer after it is photo- 
cured, may be continuously fed from a sheet roll 22. 
The photocurable polymer can be prevented from 
sticking to the backside of the carrier sheet by using 
a separate silicone release sheet, which is removed 
as the sheet is unrolled from the roller 22, or by pro- 
viding a silicone release coating to the back of the 
sheet 

In further exemplary embodiments of the inven- 
tion, the color-contrasting photocurable elastomer, as 
described above, can be co-extruded at the same 
time that the photocurable elastomer 18 is extruded, 
and both may be laminated to the moving carrier 20 
(which in this case would comprise preferably a plas- 
tic sheet having a release coating) in the nip-free 
manner described herein. For example, two separate 
sheet dies can be used at the same nip-free cylinder 
26 or apart from each other as successive stages. 

Further exemplary methods of the invention com- 
prise a step wherein the photocurable polymer 18 is 
coextruded with a second photocurable polymer onto 
the carrier 20. Devices such as coextrusion feed 
blocks, which permit two or more polymers to be fed 
to an extrusion die, are well-known in the art. See 
e.g. , U.S. Patent 4,622,088 of Min, incorporated here- 
in by reference. Multi-manifold sheet dies are also 
known which can be used in the exemplary coextru- 
sion process step. Multi-manifold external combining 
dies, for example, may have completely separate 
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manifolds for different polymer melt streams, as well 
as distinct lip openings through which the streams 
leave the die separately, joining just beyond the die 
opening. 

In further exemplary methods, therefore, the 5 
photocurable polymer layer 1 8 is coextruded with a 
compatible second photocurable polymer having a 
dye or colorant to provide image contrast properties 
during development of the printing plate. 

In still further exemplary methods, the polymer 10 
sheet 18 can be extruded using dies in which one of 
the lips is recessed. For example, a sheet die 14 hav- 
ing an upper recessed lip is believed to be particularly 
useful for extruding the polymer sheet 18 to the car- 
rier at a lamination point that occurs on the bottom of is 
the exemplary cylinder 26, as shown in Fig. 1. 

Also, a sheet die 14 having a lower recessed lip 
would be useful for extruding a polymer sheet 18 to 
the carrier near the top of the cylinder 26 or onto the 
carrier running horizontally between cylinders or roll- 20 
ers. If a die having a recessed lip is used, the sheet 
die center plane 50 would be said for present purpos- 
es to be defined by the portion of the lips which are 
coextensive. 

In further exemplary methods, it is contemplated 25 
that materials described above for use as the base 
sheet 38 can be used in place of the carrier 20 pulled 
from roller 22, and that materials described above for 
use as the carrier 20 can be applied to the photopo- 
lymer downstream, as at 36, although this reversal of 30 
operations is less preferred. 

The viscosity or consistency of the photocurable 
polymer 18 being extruded from the sheet die 14 
should preferably be such that the polymer retains a 
sheet form shortly after the self-lamination point 24 35 
(see Fig. 2). In addition, the polymer should also ex- 
hibit slight "drooping" in the distance between the 
sheet die opening 16 and moving carrier 20, a dis- 
tance which is preferably as short as possible. Option- 
ally, a vacuum box or slit can be positioned beneath 40 
the extrudate 18 near the point of self-lamination 24 
to ensure full adherence of the extrudate 18 to the 
moving carrier 20 and to minimize entrapment of air 
therebetween, but this is not deemed necessary. 

Fig. 3 is a partial diagram of another exemplary 45 
method of the invention wherein the photocurable 
polymer sheet 18 is self-laminated onto the carrier 20 
using a nip-free cylinder 26 and a transfer roller 25. 
The purpose of the optional transfer roller 25 is to 
guide the extruded sheet 1 8 to a particular lamination so 
point 24 on the cylinder 26. In Fig. 4 there is shown a 
further exemplary method in which a transfer roller 25 
is used for guiding the extruded sheet 18 to a lamin- 
ation point 24 on the carrier 20 using a pair of nip-free 
cylinders 26 and 26'. Figs. 5 and 6 are similar to Figs. 55 
3 and 4 but show further exemplary methods of the 
invention wherein an air stream or air knife 25 is used 
for laminating the extruded photopolymer sheet 18 to 



the moving carrier 20 in a nip-free manner. 

Fig. 7 shows a further exemplary method of the 
invention wherein the photocurable polymer sheet 18 
is extruded and self-laminated in a nip-free manner 
onto a moving carrier 20 which can be conveyed flat, 
either horizontally or angle with respect to the ground, 
using an air knife 25 to facilitate attachment of the ex- 
trudate 18 to the carrier. The carrier may be moving 
between two rollers or across a relatively slip-free 
surface, such as polished steel, at the point of self- 
lamination 24. Fig. 8 shows a further exemplary nip- 
free self-lamination step wherein the photopolymer 
sheet 18 is extruded onto the moving carrier 20 using 
at least three rollers 26, which can be arranged non- 
iinearly to provide a non-linear path whereby addi- 
tional force is generated to laminate the sheet 18 to 
the carrier 20. Optionally, one or more air knifes 25 
can be used for nip-free lamination. 

It is further believed that the nip-free self- 
lamination methods of the invention are applicable to 
laminates comprising polymers which are not photoc- 
urable. Accordingly, a further exemplary method of 
the invention comprises the steps of: extruding a mol- 
ten polymer sheet having major faces extending con- 
tinuously and coextensively in a portion of the sheet 
width between opposite sheet edges; and moving a 
carrier web at a location subsequent to the point of ex- 
trusion such that a major face of the extruded poly- 
mer sheet, while in a molten state, is self-laminated 
continuously and directly in a nip-free manner to the 
moving carrier. 

It will be understood that the above disclosures 
relating to the method using photocurable polymers 
are applicable equally to the method in which the 
polymer is non-photocurable. 

As modifications of the foregoing examples and 
embodiments may be evident to those skilled in the 
art in view of the disclosures herein, the scope of the 
invention is intended to be limited on]y by the append- 
ed claims. 



Claims 

1. A method for manufacturing a printing element, 
comprising the steps of: 

extruding a molten polymer sheet (18), the 
sheet having major faces extending continuously 
and coextensively in a portion of the sheet width 
between opposite sheet edges; and 

moving a carrier web (20) at a location 
subsequent to the point of extrusion such that a 
major face of the extruded polymer sheet, while 
in a molten state, is self-laminated continuously 
and directly in a nip-free manner to the moving 
carrier. 

2. A method according to claim 1 wherein the poly- 
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mer sheet is or will become photocurable. 

3. The method of claim 1 or claim 2 further compris- 
ing the step of providing a sheet die (14) having 

a die opening (16) defining a center plane (50), 5 
and said step of extruding further comprises pos- 
itioning the sheet die center plane at an angle that 
is 0°-1 80° with respect to the carrier moving away 
from the initial point of self-lamination (24). 

10 

4. The method of claim 3 wherein said angle is 90°- 
1 35°between said sheet die center plane and the 
carrier moving away from the initial point of self- 
lamination. 

15 

5. The method of claim 3 or claim 4 wherein said 
polymer sheet is being self-laminated to said car- 
rier moving away from the point of self- 
lamination, for at least a certain distance after the 
initial point of self-lamination, in a direction in- 20 
creasing in angle away from the initial angle at 
which self-lamination occurs. 

6. The method of claim 5 wherein the carrier is 
moved upon a rotating cylinder (26), and said 25 
molten polymer sheet is extruded onto said car- 
rier web while said carrier web is being moved 
upon said rotating cylinder. 

7. The method of any preceding claim further com- 30 
prising the step of cooling the self-laminated ex- 
truded polymer sheet, and the step of grinding 

the polymer sheet at least once after the sheet 
has cooled. 

35 

8. The method of any preceding claim further com- 
prising the step of attaching a base sheet (38) to 
the polymer sheet. 

9. The method of any preceding claim further com- 40 
prising the step of providing a sheet die having 
adjustable die bolts (72, 76) operative to adjust 

the die opening. 

1 0. The method of claim 9 wherein said sheet die fur- 45 
ther comprises lip adjusting bolts (72) and lip ad- 
justing bolt heaters (76) operative to adjust the 

die opening. 

11. The method of any preceding claim further com- so 
prising the step of measuring the thickness of the 
polymer sheet after self-lamination of the sheet to 

the moving carrier. 

12. The method of any preceding claim further com- 55 
prising the step of providing a sensor (27) opera- 
tive to generate an output signal corresponding to 

the thickness of the polymer sheet after self- 



lamination of the sheet to the moving carrier. 

13. The method of claim 12 further comprising the 
step of providing a monitor operative to display a 
visual profile corresponding to the output signal 
of the sensor. 

14. The method of claim 12 or claim 13 further com- 
prising the step of providing a controller (60) hav- 
ing an output, and providing lip adjusting means 
responsive to said controller output whereby the 
lip is adjustable. 
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